Spatial and interannual variations of phytoplankton diversity were characterized along the French Atlantic Coast in relation to physical factors and large-scale climatic indices using phytoplankton surveys conducted from 1993 to 2010 in four geographical areas. This study relates phytoplankton diversity to oyster recruitment success by comparing a 'specific' versus a 'functional' diversity approach. Functional diversity was represented by functional groups of different phytoplanktonic functional traits (size, shape, toxicity), relevant for oyster feeding during growth, reproduction and larval development. Phytoplankton diversity patterns along the French Atlantic coast corresponded to a geographical distribution mainly driven by a latitudinal gradient and hydrodynamic features as confirmed by the functional characteristics of the indicator species recorded for each geographical area (C-S-R strategies of Reynolds, specific habitat). This geographical typology was less clear for functional diversity. Only few functional groups were explained by physical factors: the non-toxic small and solitary cells were in particular related to temperature, with high densities observed in the southern areas. Even if temporal variation was less important in explaining the phytoplankton diversity patterns, the main drivers explaining the interannual pattern were the large-scale climatic indices, mainly the Atlantic Multidecennal Oscillation. Functional groups were readily explained by climatic indices than species even if the relationships cannot be applied generally because of the non-linearity of the correlations (local and temporal variations). However, the potentially toxic, small and linear phytoplankton were anticorrelated to NAO. The functional approach thus brings constructive elements concerning the relationships between the prey assemblage of oysters and their physical drivers. Redundancy and co-inertia analyses appeared as complementary analyses in investigating phytoplankton pattern of variation, being particularly useful in analyzing geographical and temporal diversity fluctuation, respectively.
underlined that the danger of trying to "run before walk" because of the lack of ecological 84 knowledge and thus the difficulties of aggregating diverse organisms into functional groups.
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However, this approach has been particularly useful to clearly understand the mechanisms in 5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 The Pertuis Charentais is a semi-diurnal macrotidal area located northward on the
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French Atlantic coast, largely characterized by a marine water influence and with a total 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 In the phytoplankton database, rare species were excluded using the abundance sorting representing between 90 and 96% of the total abundances at each station.
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Each series of taxa abundances, physical parameters and climatic indices were regularized
213
for each station using a SPLINE function (package PASTECS for R) (Grosjean and Ibanez, 
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(ii) without considering stations independently and thus allowing to estimate the 268 greater source of variability (spatial or temporal) in phytoplankton patterns.
269
Step 1. Spatial versus temporal pattern in phytoplankton diversity.
270
The redundancy analysis (RDA) was used on both specific and functional diversity to 
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The various measures between geographical areas (NB, SB, PC and AB, "space"), time 
283
The most characteristic taxa and functional groups of the different geographical areas were Step 2. Temporal variation of the phytoplankton related to physical factors and climatic
292
indices.
293
The partial triadic analysis (PTA) was used on both specific and functional diversity to 
314
The RDA analysis explained significantly 34.3% of the total variance of the functional 315 diversity (Monte Carlo permutation test, p=0.002), with 30.6% of the total variance explained 316 by the first 2 axes (22.4% by the first axis and 8.2% by the second axis). All these canonical 317 axes and the explaining variables were significant (Monte Carlo permutation tests, p<0.01).
318
The coefficients between the environmental variables and the ordination axes showed that axes showed that T1s (0.833) and T1 (0.77) were highly correlated to the first axis, followed by 323 T3 (0.687) and T2sTx (0.624; Figure 4C ). All this functional groups were favored by high 324 temperature and low salinity. Moreover, T2 seemed to be inversely correlated to turbidity on 325 the second axis.
326
Consequently, the RDA showed a spatial discrimination of phytoplankton specific and 327 functional diversity highly related to physical factors (temperature, salinity and turbidity) rather hierarchical level ( Figure 5A and 5B).
333
The North of Brittany zone (NB) was significantly characterized by the lowest 334 temperature and turbidity compared to others zones (Two-way ANOVA, factor "space", Nitzchia delicatissima ( Figure 5A ).
343
Twenty-one taxa and six functional groups are reported as generalist of the Atlantic 344 coast, the functional groups being T3, T2sTx, T1s, T1, T1lnSpTx and T1ln.
345
The South Brittany zone (SB) is significantly characterized by the lowest salinity (Two- and Prorocentrum triestinum are specialist of this area.
360
The Arcachon bay zone (AB) is significantly characterized by the highest salinity and 361 temperature (Two-way ANOVA, factor "space" ; p<0.001). total inertia (88.2% and 9.3%, respectively) but both AMO and NAO were explained by the 390 two axis. The same species, Naviculaceae and Leptocylindricus danicus were respectively 391 correlated to AMO and NAO respectively on the first factorial plan for species for both 392 analyses. Moreover, Pseudo-Nitzchia spp seemed also to be correlated to AMO for both 393 analysis while Guinardia striata was negatively correlated to NAO for the second analysis.
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497
Results clearly showed a spatial discrimination of phytoplankton diversity highly related to 498 physical factors (temperature, salinity and turbidity) rather than a temporal pattern. and was characterized by low temperatures and turbidities.
527
• The South Brittany (SB) and the Pertuis Charentais (PC) zones, localized in the coastal zone 528 of the Bay of Biscay, were systems with low salinities and high turbidities; the PC zone a little 529 more warmer, salty and turbid than the SB zone.
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619
The low saline SB area contained more freshwater specialist species and abundances whereas 620 the highly turbid PC area contained a high number of benthic specialist species and high 621 abundances. In this system, microphytobenthos is a great source of primary production through 622 resuspension of algae due to the relative importance of the mudflat areas (Guarini et al., 2008).
623
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T2sTx
Median size / solitary / no spines / potentially toxic
Dinophysis caudata

T2ln
Median size / linear colony / no spines non toxic
Guinardia striata
T2
Median size / others Rhizosolenia
T3
Large size Noctiluca scintillans 
